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Abstract 
 
Because of the increasing complexity of systems, their variability, and constant evolution of customer needs, engineering design has become 
more and more challenging and requires the collaboration between heterogeneous teams holding expertise in specific design-tasks. Thus, 
design outcomes of each expert field have to be put together without affecting the global design integrity. Typical enterprise application 
integration solutions propose dedicated tools which allow the coupling between engineering software by mapping data representation from one 
tool to another. This may result in a considerable mass of one-to-one interlinked software, which cannot provide an overall coherence between 
data. In this paper we propose a prototype enabling the interoperability between PLM systems and external engineering tools, with respect to 
the coherence concerns mentioned previously. 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of the “8th International Conference on Digital Enterprise Technology - DET 
2014. 
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1. Introduction 
 
During the design process, experts from different fields 
work together and exchange information, expertise, and 
resources to solve design problems. Everyone contributes 
according to his specific knowledge [15] and milestones can 
be programmed to a pooling of the work, to validate interim 
results, to resolve technical conflicts or to define the following 
tasks to perform. 
In fact, the different actors of the collaborative design will 
not use the same product decomposition [19] and each one 
builds his own viewpoint about the problem to be solved, 
according to his business expertise. The product parameters 
and relations between them, as well as additional business 
constraints and rules, are allocated to interdependent sub- 
systems. Thus, a set of interdisciplinary constraints will be 
introduced [14]. This complexity requires one or more 
collaboration processes  in order to help designers  and 
decision-makers to perform his/her activity and to converge 
their heterogeneous points of view to a mutual consensus. 
Typically, design actors share the same global goal in the 
project [14] but their individual goals are different according 
to their activities. Each one is trying to preserve the results of 
his decisions to his best advantage. While cooperating by 
negotiation, decision-makers have to interact in order to 
resolve conflicts through  the management of dependencies 
and contradictions resulting from individual decisions (or 
activities results). In the case negotiation fails, an external 
trade-off (such as project leader) may be required to resolve 
the conflict by impelling priorities between relevant 
parameters and constraints. 
This variety of viewpoints and the necessity to perform 
negotiation in collaborative actions, require the development 
of methods and tools promoting knowledge integration and 
sharing in the upstream of the product design process. Since 
the experts collaborate along the whole product lifecycle using 
different supports to exchange and build new knowledge, they 
should use a unique reference for conflict resolution purpose. 
Although the recent developments of ICT (Information and 
communications technology) systems bring more features for 
collaborative activities support, the actual tools fail to track 
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the daily changes of design parameters, constraints or rules 
and even check data consistency between activities during the 
design process. Furthermore, information and knowledge of a 
fine granular level of details are not enough considered. 
In this context, ADN (Alliance des Données Numériques in 
French, which means digital data alliance) French project 
(http://www.systematic-paris-region.org/fr/projets/adn) have 
the aim to develop a knowledge-based framework using 
model-driven-architecture principles to support the 
maintenance of knowledge and data coherence along the 
product development. The “ADN” framework enabled to 
define the Knowledge Configuration Model (KCModel) [2], 
with the purpose of maintaining a unique and coherent 
reference of all the knowledge related to design and 
engineering activities and integrating all expertise fields 
involved in the collaborative process. 
However, the framework implementing the reference 
KCModel requires a  lot of interactions between numerous 
Computer Aided X software (CAX) (where X can be Design 
(CAD), Engineering (CAE), Manufacturing (CAM), etc.) that 
are used by design project actors to perform their activities. 
That means that instead of defining large reference models to 
which each expert refers to, the collaborative system should 
allow to connect and extract data from each CAX tool and 
also, to synchronize this data between CAX tools on one hand 
and the unique reference model on the other hand. 
To deal with this multi-connection and data 
synchronization requirements, development of specific 
connectors was performed in the “ADN” project to support the 
interoperability between all heterogeneous IT (Information 
Technology) systems. Such an interoperable connector is 
considered not as a simple import/export plug-in, but rather as 
a structured information system that contains its own data base 
and proposes several functions according to the kind of CAX 
to be connected through it and the nature of data to be 
synchronized. 
This  paper  focuses  on  a  specific  connector  supporting 
interoperability between the “ADN” framework and a PLM 
(Product   Lifecycle   Management)   system   that   aims   to 
capitalize and manage product data across different life stages. 
After a brief description of PLM systems, the second part 
of the literature survey will present a review of recent work 
concerning the interoperability between information systems 
and more particular with PLM systems. The third section 
focuses on the description of the context of this present 
research work, naming the reference KCM model proposed by 
the ADN project and the interlinking between ADN and PLM 
systems. The KCM model is illustrated by means of a real- 
world example and the importance of having a PLM connector 
is highlighted through a scenario. The next section presents 
the connector design: the overall connector specifications are 
explained and a detailed use case is given. In section five, the 
technical architecture is discussed and the first prototype is 
illustrated on the base of the use case from the previous 
section. 
Conclusions and future work are outlined in the last part of 
the paper. 
2. Related work 
 
2.1. PLM systems 
 
According to [28], “the scope and definition of PLM are 
expanding and maturing to meet the demands of an 
increasingly complex network of industrial partners spread 
globally and bound together by common business objectives. 
PLM is a collaborative backbone allowing people throughout 
extended enterprises to work together more efficiently [25]. 
The enterprise IS (Information System) results from the 
integration between Enterprise Resource Planning (ERP), 
Product Lifecycle Management (PLM) and other related 
systems such as Computer-Aided Design (CAD) and 
Customer Relationship Management (CRM) [26]. 
Due to the collaborative character and the main role 
consisting of data exchange throughout heterogeneous 
information systems, PLM is one of the major fields in which 
interoperability has an important contribution [9], [16]. 
The following sub-section presents an overview of the 
problems and challenges related to interoperability. The paper 
focuses on the classification of interoperability issues and 
recent development concerning these issues, especially those 
dealing with the interoperability with PLM systems. 
 
2.2. Challenges for the PLM interoperability 
 
The interoperability needs are confirmed in  several 
projects like ATHENA project (Advanced Technologies for 
Interoperability of Heterogeneous Enterprise Networks and 
their Applications), [24], INTEROP (Interoperability research 
for networked enterprises applications and software), COIN 
(Collaboration and interoperability for Networked enterprises) 
etc. 
To capitalize results, maintain and federate efforts in the 
interoperability domain, the AISBL association have created 
the INTEROP-VLab [12] as the official repository of public 
deliverables, produced by the European research projects 
under the 5th, 6thand 7th Framework Program of the 
European Commission (INTEROP Vlab). 
Generally, three scopes of interoperability are 
distinguished with different terms and definitions. For 
instance: 1) the Conceptual interoperability that concerns the 
definition of concepts and semantic supporting the 
communication between data and knowledge models; 2) the 
Organizational interoperability, which focuses on the 
connection between processes and 3) the technical 
interoperability that deals with technological issues to support 
data exchange between software applications. 
In practice, three major approaches are currently used to 
support the interoperability and data exchange between 
Computer Aided applications (CAX) (X such as Design, 
simulation, etc.) and between CAX and other data 
management systems: 1) ontology and semantic web 
technologies, 2) standards, 3) web services. In the following, 
each of the three approaches is detailed. 
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2.3. Ontologies and semantic web technologies 
 
The first category uses ontologies and semantic web 
technologies to achieve data mapping between heterogeneous 
software at conceptual level. Several studies implementing 
different approaches to product design have been conducted 
on ontologies, as standard for data exchange between design 
and other engineering activities in collaborative tasks [4]. In 
PLM field, [20] have proposed the ONTO-PLM framework, 
as a common core model to provide an interoperability 
solution between product  data (encapsulated in PLM) and 
enterprise applications that will manage them such as ERP, 
CAD and MES. The conceptual framework consists in the 
conceptualization of existing standards, mainly ISO 10303 
and IEC 62264, related to product technical data modelling 
providing a ‘‘product-centric’’ information model that can be 
processed by several enterprise applications. Model-driven 
and knowledge-based architecture is also advocated for 
supporting the semantic interoperability between PLM/PLM 
systems and other applications [5]. For example, the concept 
of generic product model is used by [18] for the development 
of a neutral data model supporting a data warehouse that is 
available as an interface between a product database and an 
ERP system along the nuclear power plant lifecycle. 
 
2.4. Standards 
 
The second category uses a standard-based mechanism to 
guarantee the semantic translation between heterogeneous 
models [6]. 
Several standards are used in the literature such as the 
ATHENA project, in which process standards (ISO15288, 
CMII) and product standards (STEP: STandard for the 
Exchange of Product model data. Ex: AP214, 233, 209, 239) 
have been studied [24]. IGES (Initial Graphics Exchange 
Specifications) and DXF (Drawing Exchange Format) 
standards are also used to manage the geometric data of the 
product [7]. In this category, XML (eXtensible Markup 
Language) format is the most used standard language to 
support data mapping and communication between 
heterogeneous data servers in the web. 
In PLM field, the PLCS (Product LifeCycle Support) 
correspond to the STEP AP239 standard realized by the 
International Standard Organization in 2005 [23] to offer a 
generic framework for the integration, exchange and 
management of technical data necessary for the support of a 
complex product and its evolution along its whole lifecycle. 
Based on this standard, [21] have  proposed an 
interoperability framework to perform data mapping between 
ERP and PLM. 
This framework is composed of: (1) a set of PLCS 
translators converting a  PLM/ERP object  to/from a  PLCS 
object; (2) a data mapping director, which merges the 
information from the translators in a coherent PLCS 
description; (3) a complete PLM and ERP semantic 
representation using the PLCS specialized data model; (4) a 
STEP file handler able to encode the product data into a STEP 
Part 21 file and (5) a web service-based layer intended to 
receive user queries and return appropriate information. 
2.5. API Standards and Web services 
 
The last category uses dynamic interfaces, based on API 
Standards (Application Programming Interface) and web 
services technologies, to guarantee the communication 
between software [27]. In this kind of interoperability 
mechanism, software integration is fulfilled through the web 
services to support the distribution of heterogeneous 
information between members of a project team. In PLM 
field, "OMG PLM Enablers" based on middleware 
technologies and "PLM Services" are Web technologies 
developed to support communication between PLM systems 
and between PLM and other CAX applications [29]. 
The specification of the PLM Services 1.0 defines a 
Platform Independent Model (PIM) for Product Lifecycle 
Management Services. This specification defines a Platform 
Specific Model (PSM) applicable to a Web services 
implementation defined by a WSDL specification, with a 
SOAP binding, and an XML schema specification [17]. For 
instance, in  [8], an  XML-based neutral file is  defined by 
referring to PLM services for the building of PLM integrator 
as software that can exchange product, process and resource 
information between commercial PLM systems. The PLM 
integrator consists of the XML adapter and the PLM adapter 
to extract PPR (Product Process Resources) information from 
a commercial PLM or PDM system, convert them to XML 
files and also, import all this PPR information into another 
PLM or PDM system. 
PLM Services standard is used in another work by [11] to 
support data exchange between two different PDM systems 
via Internet; an implementation is fulfilled to support 
interoperability between two commercial PDM: SmartPDM 
and DynaPDM. In this architecture, the product data inside 
the PDM system is translated to PLM Services reference 
server by the data transfer module. The data transfer module 
captures the PDM system data by using APIs and translates it 
into the format which PLM Services reference 
implementation can read and visualize. Any permitted XPDI 
client of PLM Services from the remote side can access the 
translated PDM data in the PLM Services server. 
Another universal way to support inter-enterprises 
collaboration throughout the product lifecycle is to focus on 
the interactions at the workflow level to manage the web- 
service interoperability mechanism. For example, a  novel 
Web Services and Petri nets-based process-view combined 
approach has been developed by [13] to enable better inter- 
enterprises collaboration along the product development 
process. In this approach, the individual workflow models of 
participating enterprises are first mapped to process-view 
workflow models. Then, these process-view workflow models 
are represented in Web Services Description Language 
(WSDL). Finally, the entire  collaborative product 
development process is built up through Business Process 
Execution Language for Web Services (BPEL4WS). Based on 
the proposed approach and using the open JXTA platform, a 
hybrid P2P based Workflow Management Services 
framework has been developed to automate business 
processes by coordinating and controlling the processes and 
information flows between functional departments. A “web- 
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services” oriented workflow management system is proposed 
by [1] to support the coordination  and integration of 
engineering activities using different digital tools throughout 
the product lifecycle. In this work, the authors propose an 
integration of three complementary technologies and 
standards for interconnecting the heterogeneous engineering 
tools: Business Process Execution Language (BPEL) for the 
execution of collaborative engineering processes; Automation 
Markup Language, an extension of XML format to support 
data exchange between engineering tools and web-service 
associated to BPEL engine, to automatically handle the 
execution of interoperability tasks by the instantiation of 
different workflows in the connector. 
Regarding the growing interest in interoperability inside 
the PLM community, Commercial PLM editors such as 
Parametric Technology Corporation (PTC) has embraced 
Open Standards, such as Service Oriented Architecture 
(SOA), as its strategy for supporting integration between the 
PLM and other IT applications. For this need, Windchill, 
exposes functionalities for integration through a standard- 
compliant Web-services framework populated with an 
extensive library of prebuilt services. Windchill is one of the 
most popular PLM systems in industrial world and was 
developed by the PTC Company [22]. 
Our work can be included in the last category of 
interoperability approaches. The aim is to develop a technical 
framework exploiting predefined web-services to ensure 
interoperability with a PLM system. The proposed framework 
is implemented as a connector for the communication 
between Windchill and the ADN system, which is described 
in the following section. 
 
3. Context 
 
3.1. The ADN project and the KCM model 
 
The objective of the ADN project is to answer to the 
increasing need of design process optimization, which is 
crucial mainly in early phases of product development, by 
providing a new knowledge management model. 
The motivations for this new model are based on the 
observation of recurring problems in system design: 
x Data duplication, data loss, non-coordination between 
expert data causing incoherence; 
x Great diversity of expert models needed (mechanical, 
thermal, etc.); 
x Diversity of modelling situations; 
x Heterogeneity of tools used and implicitly of data and 
knowledge representation; 
x Constant evolution of models all along the product 
development process; this is even more critical in early 
phases like trade-off and pre-sizing; 
In design context, the target knowledge consists of expert 
rules jointly used with design parameters. These are 
considered as critical knowledge essential for successful 
design result. 
In order to overcome the above-mentioned problems and to 
ensure the coherence between data of all stakeholders, ADN 
proposes  a  unique  knowledge  representation  through  the 
KCM model. Based on the analysis of several product models, 
[3] remarks that the critical knowledge “does not depend on a 
function or a particular component but needs to be managed at 
a higher level of abstraction. 
The critical knowledge must have its own structure and 
organization, its  own life cycle to be exchanged and 
maintained in coherence during the collaboration process, 
when many disparate expert models are used”. In 
consequence, the KCM (Knowledge Configuration Model) is 
based on the concept of “knowledge configuration” which 
consists of a set of parameters and constraints on the 
parameters (expert rules, mathematic relations etc.). 
The basic knowledge unit defined is the “Information Core 
Entity” (ICE) which represents a generic multi-domain 
baseline. The usage of the ICE in a particular context is 
denoted by a “Configuration Entity”. Each expert may then 
hold several “user configurations” in their working context 
and the coherence between different expert outcomes is 
maintained through synchronization of user configurations in 
“skeleton configurations”. The KCM approach is presented 
with more details in [3], [10]. 
In the following section, a simple use case is shown 
(extracted from [3]) with the purpose of exemplifying the use 
of KCM in a real-world situation. 
 
3.2. The KCM explained on a use case 
 
Consider two expert models that share the same 
parameters: Ø and λ, as shown in Fig. 1. These are 
represented in the KCM by the ICE1. Each expert model 
contains a supplementary parameter, which is contained each 
in a separate ICE (ICE2 and ICE3 respectively). 
Two user configurations exist in this case, each composed 
of an instance of the common ICE1 and an instance of the 
ICEs holding the third parameter of each model (ICE2 and 
ICE3). Synchronization of the two configurations will allow 
the ICE1 instances to be coherent and to hold the same 
parameter values. 
 
 
 
 
Fig. 1. Example of the KCM usage in a real-world application. 
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3.3. Interaction between ADN and PLM systems 
 
Checking the consistency between design ICEs, as it is 
described above, is a part of more global collaborative 
processes that implies several interactions between experts 
and information systems (CAX, ADN, PLM) on one hand, 
and in-between these systems on the other hand. 
 
 
 
Fig. 2. Interaction between ADN, CAX and PLM. 
 
In industry, PLM systems are considered as the official 
repository for the management of all technical data in the 
design project. This management should concern product 
configuration, document versioning and history traceability, 
etc. For this need, the expert must create the part reference in 
the PLM system before creating all associated technical 
documents, such as CAD model, as it is shown in Fig. 2. In 
the next step, the expert creates new user configurations in his 
ADN workspace, in order to guarantee that his activity results 
will be taken into account in the consistency checking 
process. For this purpose, a reference link should be created to 
associate part reference (in PLM) to user configuration 
reference (in ADN). 
In parallel, the expert can check out his CAX model, 
modify it and “check-in” it to the PLM base. He updates his 
user configuration in the ADN workspace to consider new 
parameters values. However, to guarantee that the last user 
configuration is the official version shared by all design 
project experts, the PLM system should be automatically 
notified in order to update the version of the associated part. 
This important synchronization action is fulfilled by means of 
the “changes following” mechanism which exploits the 
reference links to automatically identify correspondences 
between ADN modified objects and associated product parts 
in PLM. 
The synchronization process can be envisaged in the 
opposite way, from PLM to ADN. In this case, the user works 
directly in PLM and after the “check-in” operation, the PLM 
notifies all the concerned ADN users that they must update 
the version of the associated user configurations. 
In both cases, the PLM connector has the role to ensure the 
synchronization between the ADN and PLM objects 
according to a set of functionalities covering different 
integration levels. 
Our proposal is to manage the mapping between the 
reference links (extracted from heterogeneous information 
systems) in an independent application (the PLM connector), 
with the purpose of maintaining data coherence by 
synchronizing it with the unique ADN reference. 
The forth section first presents the conceptual 
specifications of the proposed connector as a list of 
connection functions. Secondly, a sequence  diagram 
illustrates a particular function of the connector: “Create 
reference links”. The interactions between ADN, PLM and 
the connector are highlighted. 
 
4. PLM connector design 
 
4.1. Functional specifications 
 
The PLM connector was conceived to function 
independently of the connected information systems. This is 
an important requirement with respect to the need of 
genericity. 
In Fig. 3, the overall connector functions are presented as 
well as the dependencies between them. They can be 
classified in two main functional classes: 
x Connection management; 
x Objects management. 
At connection level, the connector should verify the user 
credentials and access rights to the connector application. At 
object level, the connector should manage application-specific 
object types. Two main types were identified as relevant for 
mapping and synchronization, according to the use cases 
mentioned in section 3.3: 
x projects in the PLM system/ workspaces in the ADN 
system 
x parts in the PLM system/ user configurations in the ADN 
system 
 
 
 
Fig. 3. Global connector specifications. 
374   Diana Penciuc et al. /  Procedia CIRP  25 ( 2014 )  369 – 376 
 
 
Fig. 4. Sequence diagram of the “Create reference links” function. 
 
The synchronization is accomplished following the 
mechanism of notification subscription and based on the 
mapping of reference links stored at connector level. Thus, the 
user can: 
x search and identify the objects he wants to subscribe to 
x manage subscription to PLM/ADN objects: subscription to 
an object will notify the user when the object was modified 
in the corresponding IS 
x manage reference links: the user can choose the pairs of 
objects he wants to synchronize, which references will be 
stored in the connector mapping table 
 
4.2. The connector function “Create reference links” 
 
In this section, the connector function “Create reference 
links” is explained with details, as an example of the 
connector functioning in interaction with the ADN and PLM 
systems. This action may be executed at different levels, as 
shown in 4.1. The project/workspace level is discussed in the 
following paragraphs (see Fig. 4). Nevertheless, it should be 
noted that the same mechanism applies for the second level: 
part/user configuration. 
After connection, the user can ask the connector to display 
the list of PLM projects and ADN workspaces he has access 
to. The connector displays the objects with detailed meta-data. 
He chooses from the two lists the objects to map and asks the 
system to create a reference between them. User rights on the 
objects are verified at the PLM and ADN levels. 
The system displays a message to confirm the creation of a 
new reference in case of success, or error message otherwise. 
 
5. Connector implementation 
 
5.1. Connector technical architecture 
 
The connector was designed as an independent web 
application which is accessible independently of the 
information systems considered. In our case, the 
Windchill10.0 and ADN2.2 environments were chosen to 
illustrate the implementation of the PLM connector. The 
connector architecture is flexible enough to allow portability 
and interoperability with external applications due to the 
separation between the interface and the application logic and 
the use of web services. 
The implementation follows the MVC software 
architecture pattern. The view is defined using HTML and for 
the application logic, the JAX-RS Java API for RESTful web 
services which are controlled by JavaScript (JQuery). The 
communication with the external applications (Windchill10.0 
and ADN2.2) is handled by the SOAPClient2.4 component, 
which is a JavaScript library implementing the SOAP1.1 
protocol. 
The difference between the web service specifications used 
by Windchill10.0 and ADN2.2 are also handled at the 
connector level. As a consequence, the processing of sent and 
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received SOAP messages is adapted according to the format 
accepted by each of the two environments. 
It has to be noted that the Windchill component may be 
replaced with a different PLM application having published 
its services and available via SOAP. This would only affect 
the processing of messages sent/received from the new PLM 
application, and would have no impact on the other 
components of the architecture. 
 
 
 
Fig. 5. Windchill-ADN connector architecture. 
 
5.2. Connector prototype 
 
This section illustrates the first prototype of the PLM 
connector, following the use case presented in section 4.2: 
create reference links. 
Three “views” are available from the main connector page, 
allowing user to visualize ADN and Windchill objects 
grouped by type, as well as the mapping table containing the 
synchronized objects. As an example, Fig. 6 shows the ADN 
view from which the user can check the list of ADN 
workspaces and user configurations. 
A detailed view is available for each object, displaying its 
meta-data. In the figure, for the user configuration object 
named “Conf user cao”, the meta-data and associated values 
are: criticality (Low), description (conf user cao) and version 
(V1). 
 
 
 
Fig. 6. Connector interface: the ADN view (objects and their meta-data). 
 
 
 
 
 
Fig. 7. ADN workspace/ Windchill project synchronization. 
 
The “Conf user cao” object is selected for reference link 
creation with the corresponding Windchill object 
“support_pf_v1.prt”, which represents a CAO part created 
during the conception activity (see Fig. 7, the selected 
objects). 
Once the reference link is created, the linked pair is visible 
in the updated mapping table (in Fig. 7, the last pair appearing 
in the mapping table is “Conf user cao” - 
“support_pf_v1.prt”). 
Concerning the synchronization at project/workspace level, 
only one-to-one links may be created: a workspace may be 
linked to one project. On the contrary, at part/user 
configuration level, one-to-many, as well as many-to-many, 
and many-to-one links are allowed. 
Synchronization at the two levels (project/workspace and 
part/user configuration) may also be done in parallel. The user 
may select all the objects, irrespective of their types, and 
synchronize all the levels at the same time. 
 
6. Conclusion and future work 
 
The paper proposes a new approach of PLM 
interoperability based on the research direction opened by the 
web services-based interoperability (as shown in the related 
work). Contrary to previous work, the interoperability 
approach proposed here is based on an independent PLM 
connector which allows synchronization of the objects used 
across heterogeneous IS, according to the reference model 
 
ADN workspace 
search button 
ADN user 
configurations
with meta-data 
Selected objects: user 
configuration (left), part 
Synchronize 
Mapping table showing 
linked ADN/Windchill
objects 
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maintained in the ADN platform. A flexible architecture was 
designed with the purpose of providing a generic connector. 
The proof-of-concept was realized through the first prototype 
presented in section 5.2. 
Several perspectives will be considered for the future 
work. The next step for the current work would be to test the 
connector in new industrial scenarios and eventually identify 
new requirements. As regard to the prototype, a new 
ergonomic HMI was conceived and it will be soon 
implemented. One of the mid-term perspectives is to re-use 
the connector prototype with a different PLM system. This 
would allow us to obtain some metrics as regard to its 
adaptability and to measure the efforts needed to make the 
connector operational in a new setting. 
As a long-term perspective, the proposed connector should 
be a base for the design of generic application connectors 
independent of the IS considered. 
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